The power of genomic research techniques is increasingly incorporated into the exploration of many conditions, including, more recently, the genomic profiles of rare (orphan) conditions and pediatric cancers. Consensus guidelines typically advise sharing target and incidental results that are analytically valid, actionable, and clinically significant. [1] [2] [3] Many expert recommendations are rooted in adult perspectives and attempt to weigh potential benefits and harms to the participants, as well as the feasibility of such sharing. [4] [5] [6] Specific expert opinion on the implications of genomic research discovery in a pediatric context is emerging.
The power of genomic research techniques is increasingly incorporated into the exploration of many conditions, including, more recently, the genomic profiles of rare (orphan) conditions and pediatric cancers. Consensus guidelines typically advise sharing target and incidental results that are analytically valid, actionable, and clinically significant. [1] [2] [3] Many expert recommendations are rooted in adult perspectives and attempt to weigh potential benefits and harms to the participants, as well as the feasibility of such sharing. [4] [5] [6] Specific expert opinion on the implications of genomic research discovery in a pediatric context is emerging. [7] [8] [9] Adult participants in research strongly voice an interest in being offered genetic research results, including those incidental to the primary aims. 10, 11 The empirical evidence to understand parental attitudes toward the sharing of genomic research results derived from research with children has just begun to be explored. [12] [13] [14] [15] There is also considerable debate about the extent to which family members should be informed of potentially relevant genomic information gathered in a pediatric context. 16, 17 We used the rich resource of three Canadian consortia [18] [19] [20] that primarily study children to examine parental attitudes toward the return of genomic results. We were able to leverage the nature of the study populations-patients with pediatric cancers and individuals with inherited orphan diseases-to examine whether the context of the illness influences subsequent attitudes toward the return of genomic research results. It has been suggested that these two populations may view their obligations to extended family members differently, given the inherent broader familial impact of inherited conditions versus that of typically isolated pediatric cancers. 21, 22 We explore themes focused on parental attitudes toward (i) sharing of target and incidental findings discovered in the course of pediatric genomic research; (ii) responsibilities toward family members; (iii) acceptability of children participating in genomic research; Submitted Purpose: We describe parental attitudes toward the return of targeted and incidental genomic research results in the setting of highrisk pediatric cancer and inherited childhood diseases.
Methods:
A validated 36-item questionnaire was mailed to participants in three large-scale genome research consortia examining attitudes toward receipt of genomic research results and the influence of certainty, severity, and onset of the condition, in addition to responsibilities to extended family and provision of results even after death of the proband.
results:
Of the 563 participants who were sent questionnaires, 362 (64%) responded. Most of them stated a positive right to receive results related to the target condition (97%) or to incidental findings (86%); no difference was found in results between participants with cancer and those with orphan diseases. Furthermore, 92% indicated that genomic research for childhood-onset conditions should occur. The majority wanted incidental results predicting susceptibility even to untreatable fatal conditions (83%), to multiple conditions (87%), or to those with uncertain impact (70%). Most felt sibling genomic results showing serious conditions, whether treatable (93%) or not
Original research article and (iv) opinions about the process and experience of sharing genomic results. 2, 23, 24 We believe our findings will help researchers across disciplines as they grapple with the inevitability of uncovering genomic research findings potentially relevant to the child and the extended family.
MAteriALs And MetHods
The study was approved by the IWK Health Centre Research Ethics Board (REB), Halifax, Nova Scotia; the Children's Hospital of Eastern Ontario REB, Ottawa, Ontario; the Hospital for Sick Children REB, Toronto, Ontario; and the Montreal Children's Hospital REB, Montreal, Quebec. Participants were informed that return of the questionnaire implied consent, except in Quebec, where written consent is required by law.
setting and participants
All participants were contacted through one of three genomic research consortia-The Canadian Pediatric Cancer Genome Consortium (CPCGC), The Finding of Rare Disease Genes in Canada Consortium (FORGE), and the Orphan Diseases: Identifying Genes and Novel Therapeutics to Enhance Treatment (IGNITE) project. The primary objective of the CPCGC 19 is to gain insight into novel genomic causes of pediatric cancers with poor prognosis, evolution of genomic changes in metastatic or recurrent disease, and identification of targets for therapeutic intervention. All samples used within the CPCGC were either anonymized or archived samples obtained without consent for return of results; thus, for a surrogate population for our survey, we contacted parents of patients with a pediatric cancer diagnosis from two participating CPCGC institutions. All of these patients had been diagnosed within 2 years of the survey.
The main objective of FORGE 18 is the identification of the genetic causes of rare childhood-onset diseases in individuals and families. Patients (of pediatric or adult age) as well as unaffected family members were recruited to FORGE primarily through medical geneticists if they met the definition of having a rare disease. 25 The aims of IGNITE 20 are similar to those of FORGE, with the addition of a major platform for drug discovery. IGNITE and FORGE were actively studying participants at the time of the survey, and the consortia consent process and forms indicated that participants might be approached with genomic results (both incidental and targeted) if significant health implications were uncovered. The types of conditions under study are shown in Supplementary File S1 online. All three consortia use next-generation genomic and bioinformatics strategies to interrogate the genome.
study questionnaire
The questionnaire (see Supplementary File S2 online) included self-described demographics and the following themes based on a literature review, expert review, and a concurrent qualitative questionnaire being constructed for the FORGE consortium. These included: (i) the perceived right of parents to receive incidental or target results; (ii) the attitudes of parents toward the participation of children in genomic research; (iii) the sharing of genomic results with uncertain impact, results from siblings, or findings obtained after death of the proband; and (iv) the likelihood and preferred mode(s) of access by parents to study results. Definitions were included before each section of questions. We used the method of Dillman 26 to create five-point Likert scale and open-and closed-ended questions. Formal content validity rating by individuals affected by rare genetic conditions (n = 5) was 0.87 for individual questions and the instrument overall. Cronbach's α reliability analyses (for questions [14] [15] [16] [17] [18] [19] indicated significant internal consistency both within the items for each question (range: 0.583-0.794, P < 0.001) and within all items of those questions when considered as a group (α = 0.815, P < 0.001). Questions 9 and 13 showed a Cronbach's α of 0.662 and 0.871, respectively, within each question (P < 0.001). The English-language questionnaire had 36 items, and pilot testing with five parents resulted in minor revisions. The participants took 20-25 min to complete the questionnaire. A French version was created by professional translation. All participants were offered a summary of the results.
study design
Distribution occurred by the consortia participating sites (Halifax, St. John's, Montreal, Ottawa, Toronto, Winnipeg, and Vancouver, Canada). All participants fully registered in IGNITE and FORGE up to the time of the REB submission of the questionnaire were invited to participate. In the CPCGC, two recruitment strategies were used. In one hospital, consecutive patients from an internal database with high-risk pediatric brain tumors were contacted. In a second hospital, consecutive brain tumor patients were approached in an oncology clinic, and they provided written informed consent. A preannouncement was sent 1 week before the questionnaire was distributed by postal mail. Questionnaires were coded for tracking but had no other identifying information. The self-administered questionnaire was sent between July and November 2012 with a cover letter, incentive gift card, and a stamped return envelope. Two reminders were sent at 2 and 5 weeks to nonresponders. Participants could complete the questionnaires online, if they preferred. Questionnaires were returned by mail to the participant's local institution and sent to the IWK Health Centre for duplicate data entry.
statistical analysis
Data were analyzed using SPSS version 14 (IBM, Somers, NY). The results from the three consortia were pooled, except where noted, and the calculated response percentages are based on the total number of responses to each question. We present the results from the questionnaire using descriptive statistics. Pearson's χ 2 test, t-test, and the Mann-Whitney test, as appropriate, were conducted to assess the associations between demographic variables and specific respondent attitudes. We identified a priori all variables planned for univariate analysis. These variables included categorical (dichotomous) distributions of age, ethnicity, education, family income, level of comfort with medical language, and comfort with the Internet for 
resuLts
Response rates for the consortia were as follows: for IGNITE (n = 221/325, 68%), for CPCGC (n = 86/155, 55%), and for FORGE (n = 55/83, 66%); overall 362/563 (64%). Missing data rates were generally low, except for one question regarding the reliability of laboratories, for which the missing data rate was more than 50%. Demographics for the respondents are shown in Table 1 . The majority described being very comfortable or comfortable with reading medical language (n = 220/349, 63%) and using the Internet (n = 280/341, 82%).
On Pearson χ 2 analysis, respondents from the three consortia were not significantly different using categorical groupings as shown in Table 1 , except as follows: FORGE respondents were proportionately younger than IGNITE respondents (P = 0.01), FORGE respondents were proportionately more highly educated than respondents from either of the other consortia (P = 0.02), CPCGC respondents had a higher proportion of ethnic minorities (P < 0.01) than respondents from either of the other consortia, and IGNITE respondents were proportionately more likely to report a lower income (P < 0.01) and had less comfort with the Internet. One-quarter of the CPCGC respondents indicated that their child who had been affected with the condition under study had died (n = 20; 23.3%).
Attitudes to the right and desire to receive genomic research results
The majority indicated a belief that they had a strong (n = 90, 28%) or very strong (n = 229, 70%) right to receive the results of genomic research that were directly related to the condition under study. A slightly smaller majority also felt that they had a strong (n = 82, 26% or very strong (n = 200, 62%) right to receive genomic research results that were incidental to the main aims. Parents of children with cancer did not significantly differ in this regard from participants in IGNITE or FORGE. Respondent age, education, ethnicity, or comfort with medical language had no statistically significant influence on these attitudes as determined by Pearson χ 2 analysis. Any reported experience in using the Internet to seek health information was associated with a higher likelihood of wishing to receive incidental results (χ 2 P = 0.02). If the researcher was uncertain about the health impact of the genomic finding, respondents felt that the results should be returned (n = 137/322, 42.5%) or that there should be a joint decision made between the researcher and the participant (n = 134/322, 41.6%). Few were willing to delegate the task of determining what to do with uncertain results to the researcher alone (n = 18, 5.6%) or to an independent expert committee (n = 25, 7.8%). In the hypothetical situation in which such a committee had indeed been established, the majority of respondents wished to be informed that decisions were being made (n = 272, 75.1%) and to be able to challenge a decision not to share results (n = 247, 68.2%). The expressed right to challenge a decision not to share results was not associated with respondent age, education, income, comfort with use of the Internet, or comfort with medical language. However, respondents with a self-reported Caucasian background were more likely to wish to challenge such a decision (Pearson χ 2 P = 0.007). Participant attitudes for themselves and their child in the event that genomic research uncovered unexpected (incidental) findings are shown in Table 2 . On χ 2 analysis, there was no difference (P = 0.32) between respondents whose child had cancer versus those whose child had orphan diseases regarding whether or not they would want results that were associated with early death and no effective treatment. More than half indicated that they would want the result no matter how uncertain the effects on health (n = 223/318, 70.1%). In addition, most felt that there should be no maximum number of incidental genomic findings returned, if they had potential relevance to the person's health (n = 276/316, 87.3%). We asked respondents to indicate the reasons they felt were important in offering genomic results ( Table 3) and to describe what issues parents should consider before accepting an offer ( Table 4) .
Attitudes to the participation of children in genomic research and the return of results
The vast majority of respondents felt that children should be able to take part in genomic research testing, whether or not the condition under study began in childhood and independent of the existence of known effective treatment ( Table 5) . We asked if research should be undertaken from a sample collected in childhood but for which the participant (now older than 18 years of age) cannot be located to confirm consent. More than one-third each indicated that they were comfortable using the tissue for the original research purposes (n = 148/362, 40.9%) or an expanded purpose (n = 127/362, 35.1%). A little more than 40% (n = 151/362) thought that the parents should be contacted to ascertain their wishes. Almost none indicated that the tissue should be destroyed (n = 11/362, 3.0%). We asked parents 
Only if the gene explains the condition that I or my family have 230 (72) 47 (15) 19 (5) 22 (7) That shows a gene that could cause me to die at a younger age for which there is prevention or treatment 280 (87) 32 (10) 4 (1) 5 (1) That shows a gene that could cause me to die at a younger age for which there is NO prevention or treatment 185 (58) 79 (25) 33 (10) 21 (7) That shows a gene that could have a health impact for my child, for which there is prevention or treatment 296 (92) 22 (7) 3 (<1) 1 (<1)
That shows a gene that could have a health impact for my child, for which there is NO prevention or treatment 206 (65) 75 (24) 23 (7) 12 (4) That shows a gene that causes a condition with only mild symptoms for my child 249 (79) 57 (18) 4 (1) 7 (2) Original research article of children with cancer what they would wish if the sample had come from a child who had died in the interim and new genetic research was contemplated. A minority thought the tissue should be used only for original research purposes (n = 18/86, 20.9%). Almost half felt the tissue should be used for whatever research purpose may be needed (n = 40/86, 46.5%) and that parents should be contacted to ask their wishes (n = 42/86, 48.8 %). Again, very few felt that the tissue should not be used for new research purposes (n = 3/86, 3.5%).
In the situation in which a child had died, appropriate disposition of the genomic research results was felt to be most often with parents or next of kin (n = 277/362, 76.5%). Few indicated that the research results should be published solely in the medical literature (n = 29/362, 8%).
Attitudes of participants to the sharing of genomic results with extended family members
We asked what should occur if genomic research results discovered in their child showed an increased risk of serious health impacts for extended family or relatives. Respondents could choose more than one option. Very few indicated that results should not be shared at all (n = 19/362, 5.2%). A minority indicated that the sharing of results should be restricted to exclusively extended family members or relatives that they chose (n = 72/362, 19.9 %). Almost twice this number would share the result with all extended family at risk (n = 130/362, 35.9 %). Some indicated that the researcher could share results with kin without their express consent (n = 64/362, 17.7%), and some would require their consent (n = 71/362, 19.6%). A minority indicated that this should be done through the physician of the affected individual (n = 68, 18.8%).
We asked respondents to imagine that they had a brother or sister who was found in a research context to have a gene that causes a serious condition for which there was an effective treatment. In this situation, respondents overwhelmingly indicated that they personally had a very strong or strong right (n = 300/323, 92.9%) to be informed of this gene discovery. This remained true even if there was no effective treatment or preventative strategy (n = 284/323, 87.9%). By χ 2 analysis, these expressed preferences showed no association with age, ethnicity, education, income, comfort with medical language, or use of the Internet.
support and process for the return of results
The majority of participants would recommend that genetic counseling always be offered (n = 139/326, 42.6%) or almost always be offered (n = 41/326, 12.6%) before participating in genomic research. Slightly fewer indicated that counseling should always (n = 129/326, 39.6%) or almost always (n = 52/326, 15.9%) be offered before providing genomic results. Somewhat surprising, 69 (19.1%) of the original 362 respondents indicated that they were uncertain what genetic counseling meant.
We probed participants' views of the reliability of genetic results when obtained in a research laboratory versus in a clinical laboratory. Although more than half did not respond (suggesting uncertainty), most who did were of the opinion that a research laboratory was more reliable than a clinical laboratory (n = 70/146, 47.9 %), or at least as good (n = 70/146, 47.9%). Almost none indicated that a clinical laboratory was more reliable than a research laboratory (n = 6/146, 4.1%). Respondent age, education, use of the Internet, or comfort with medical language did not significantly influence this interpretation (χ 2 analysis).
Participants were asked to consider access to a website on which confidential genetic research results were available describing the potential diseases that one might be at risk for. Respondents indicated that they were likely to access a confidential website to obtain genetic research results about themselves (n = 211/281, 75.1%) or their child (n = 220/280, 78.6%). By univariate analysis (χ 2 ), respondent education, comfort with medical language, comfort using the Internet, and incomebut not age, ethnicity, or severity of underlying disorder-were associated with positively reporting access both for themselves and their child. Multivariate analysis showed the only significant predictor in both cases to be comfort with using the Internet (P = 0.01). 
Children should be able to take part in research testing for genetic conditions that begin during childhood, even if there is no treatment that can alter the course of the condition 153 (48) 140 (44) 18 (6) 6 (2) Children should be able to take part in research testing for genetic conditions for which there is a treatment that begins during childhood that can alter the course 216 (68) 98 (31) 0 2 (<1)
Children should be able to take part in research testing for genetic conditions that start in adulthood and have no treatment that can alter the course 132 (43) 131 (42) 35 (11) 10 (3) Children should be able to take part in research testing for genetic conditions that will arise in their adult years, only if there is treatment or prevention that should begin in childhood 144 (46) 105 (34) 46 (15) 17 (5) The majority would want access to a list of scientific publications that arose out of the genomic research (n = 246/320, 76.9%). Most would want a summary of results (n = 305/326) conveyed variably by a newsletter (n = 127/362, 35.1%), a website (n = 118/362, 32.6%), yearly information session (n = 51/362, 14.1%), or a list of publications (n = 75/362, 20.7%).
discussion
This study found overall very high expression by respondents of a right to be offered target and incidental genomic results of research in which their child had taken part. We demonstrate, for the first time, that the apparently somatic (cancer) versus germ line nature of the condition under study does not appear to influence this statement.
We found that respondents also hold a different view with respect to genetic research testing in children than that stated in many expert consensus guidelines. 27, 28 Such guidelines typically proscribe testing in childhood unless searching for a condition that can be acted upon in childhood. We found that respondents feel strongly that genomic research should be conducted in children, irrespective of whether the condition is of childhood or adult-onset type or whether there is a known therapeutic intervention. Tercyak et al.
14 described similar views in the clinical setting. We do not know whether these respondents favoring conduct of genomic research in children considered some of the potential negative impacts (such as loss of longterm autonomy of decision making of the child-the so-called "open future"-or change in family dynamics if the child is found to have a threatening condition). We speculate that parents might be motivated to say yes to genomic results by expectations of information-related benefits or positive benefits for other siblings; for their own health, lifestyle, and reproductive decisions; and in anticipation of future health needs of their children even in the absence of effective treatment.
Our findings are consistent with those of Lakes et al., 29 who found context to be important to mothers in considering the return of genomic results, including implications for prevention and therapy, personal and familial experience with the disorder, emotional risks, current health status, and flexibility of decision making. Parents reported that many contextual elements are important in considering both the benefits (such as impact on quality of life, prevention of harm, and reduction in secrecy) and the potential harms (such as impact on insurability or work, privacy, 8, 24 limits of analytic accuracy, 7 and worries about the implications of the newly identified genetic condition). Although most of our respondents indicated that they would want to be notified of results with serious implications, there was an even stronger tendency to want them if remediable by treatment. It will be important to carefully consider with individuals the personal implications if they elect to receive results with no effective therapy. Assisting exploration of these issues-and understanding their health context during the consent process-will be essential in fully informing participants as they consider participation and potential subsequent receipt of genomic results.
Although experts have argued that pediatric genomic research testing and return of results undermines the right of children to decide for themselves, others maintain that receiving genomic results in childhood falls within a parental duty of care to the child. 30, 31 In our study, the majority indicated that they would want results shared with extended family members, either directly or with the assistance of a physician, although they often wanted some control over this sharing. In addition, most would wish genomic research to be shared, even if the child was deceased. Clearly, some parents wish to be engaged with the results and to share them with those who might benefit.
It should be noted that institutional review boards and researchers do not convey such a strong certainty as parents do that genomic research results should be shared, particularly as they relate to incidental or uncertain findings. 3, 32, 33 We have recently found that most researchers advocate that findings related to the target condition be offered to participants in addition to incidental findings of clinical relevance, but they feel much less of an obligation to examine the data they create to uncover incidental significant findings. 34 Researchers feel even less inclined to share results of uncertain clinical utility, as is typically reflected in guidance policies 1, 2, 35 These attitudes are at odds with the parental wishes reflected in our survey. Because there must be a limit to what is reasonably expected of the researcher in the face of expansion of the number of potential disease-associated variants, 36 clarity about what will or will not be shared should be a focus of discussion at the time of enrollment into the study. 37 There was a striking faith by our participants in the reliability of research laboratories and a somewhat unexpected finding that a fifth of respondents were uncertain of the function of a genetics counselor. It would appear crucial that limitations of research laboratories, including the absence of Clinical Laboratory Improvements Amendment-type quality assurance, be discussed with participants. For those results that do meet a defined threshold, a robust support system should be in place to facilitate the return of results, including access to and understanding of the role of genetic counselors, in addition to resources to support the enormous process of cataloging and communicating genomic information. 38 Developing education tools, such as that illustrated by an education and risk communication protocol proposed for use in cancer genetics, will be critical. 39 The strengths of our study include a unique comparison of views in the context of acquired versus inherited conditions in predominantly pediatric age participants and a national representation of both English and French cohorts. We have a large cross section of parents engaged in genomic research whose views were formed in the context of multiple rare disease types and pediatric brain cancers. In particular, parents of children with orphan diseases bring the perspective of having lived with a familial context to the condition under study. This leads to the reasonable assumption that at least some have had opportunity to reflect on questions related to sharing of health information with extended family. The self-reported ethnic diversity, family income, and educational attainment in our respondents are reflective of the Canadian population norms. 40 Although the sample was consistent with these key population norms, we did not measure other variables (e.g., information-seeking style, trust in medical research) that could potentially affect our findings. Qualitative examination of some of these difficult questions (e.g., whether or not to allow testing for adult-onset genetic conditions that do not need intervention in childhood) could provide more in-depth responses as well as an opportunity to examine how other respondent variables might influence responses. A separate interview study with parents is in press. 41 It will be important to explore the limits to scenariobased, hypothetical versus actual decision making. We also have incomplete data regarding the short-and longer-term impacts of receiving genomic results and plan a follow-up study for this reason. Finally, survey of parents of children with cancer types other than brain tumors might be instructive.
An argument has been posited by some that the general public does not really understand the implications of asking for incidental findings. The very strong-voiced desire for results by participants engaged in research suggests that researchers will certainly encounter requests for information. Our findings suggest that we must become clearer with what can and should be shared. This discussion can be strengthened by engaging with participants in a frank manner that accounts for the limitations of the information provided, potential burdens on researchers, and/or the opportunity costs of diverting resources from other scientific endeavors.
conclusion
We have shown that independent of the context of the underlying orphan disease or cancer or the prospect for direct benefit, respondents express a strong desire to allow genetic research in their children and to receive individual results from this research, a finding consistent with the emerging literature. However, this also points to a lack of congruity between participant attitudes and most expert consensus guidelines. There is a need for better dialogue between researchers and participants at the time of enrollment, study of the impact of honoring the request of parents for detailed and uncertain results, and the creation of guidelines that will uniformly address these issues in an appropriately nuanced and feasible manner. As yet unstudied is how stable these parental opinions are over time-this is also a crucial area to explore as researchers/clinicians engage in the challenge of if, when, and how to offer different types of genomic results to participants.
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